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A B S T R A C T  

   

In the development of Homogeneous Charge Compression Ignition (HCCI) engines, simultaneous 
control of combustion phasing and power output has been a major challenge. In this study, a new 
strategy is developed to control the engine power output and combustion phasing at any desired 
operating condition. A single zone thermodynamic model coupled to a full kinetic mechanism of 
Primary Reference Fuels (PRFs) is developed to predict characteristic parameters such as; Start of 
Combustion (SOC) and Indicated Mean Effective Pressure (IMEP) and also thermodynamic constant 
parameters for processes through an HCCI engine cycle. A dynamic interactive control model has been 
developed for the entire cycle of a HCCI engine to predict combustion phasing and IMEP.The results 
derived from the developed model are validated against experimental data for a single cylinder Ricardo 
engine.  A two input - two output controller is then designed to track crank angle at which 50% of in 
cylinder fuel mass is burned (CA50) and IMEP by adjusting the input data. In this study two control 
models are presented; open loop and closed loop. Performance of the controller is tested on a physical 
HCCI engine model to evaluate the tracking performance and disturbance rejection properties. Results 
indicate that the designed controller is capable to accurately tracking both CA50 and IMEP while 
rejecting the disturbances from variations in the engine speed and the intake manifold temperature. 
 
 

doi: 10.5829/idosi.ije.2014.27.11b.14 
 

 
1. INTRODUCTION1 

 
Most of the investigations in conventional engines are 
finding new strategies for reduction of emissions and 
enhancement of their performance [1, 2]. It is well 
known that Homogeneous Charge Compression Ignition 
(HCCI) engines have benefits of both Otto and diesel 
cycles. Possibility of having ultra lean mixture and 
lower combustion temperature together with no 
throttling losses could give a great advantage for 
reduced Nitrogen Oxides (NOx) and particulate matter 
emissions while increasing the efficiency compared 
with conventional internal combustion engines [3]. A 
major advantage of HCCI combustion is its flexibility to 
work with a variety of fuels. Reduction in availability 
and increased price of fossil fuels on one hand, and 
more strict legislations for engine emission levels result 
in increased interest in application of HCCI engines. 
                                                        
1*Corresponding Author’s Email: Nazoktabar@riau.ac.ir (M. 
Nazoktabar) 

However, application of HCCI engines are accompanied 
with some drawbacks such as limited operating range 
and higher unburned hydrocarbon and carbon monoxide 
emissions. High sensitivity of HCCI combustion to 
mixture properties and physical occurrence within 
cylinder significantly make the HCCI control more 
complex. This can drastically affect the power output 
and also control of combustion phasing [4, 5]. As a 
result, HCCI engines have a limited range of operation 
in terms of engine speed and power while there are 
more complexities for accurate control of combustion 
phasing.  

There is a major challenge to control the initiation of 
combustion in a HCCI engine under various operating 
conditions. The Ignition timing could easily affect 
performance, emissions, operating range and 
combustion stability [6]. To control initiation of 
combustion in an HCCI engine, one strategy is to 
control the charge properties during intake and 
compression stroke. These are several accepted 
methods: changing the amount of residual gas trapped in 
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the engine cylinder [7], variation of charge temperature 
in intake manifold by a thermal management system [8], 
changing effective compression ratio by means of 
variable valve timing or actuation systems [7, 9], 
changing fuel octane number (ON) [10, 11] and 
changing fuel injection timing [12, 13]. More studies are 
carried out to control the combustion phasing in HCCI 
engine and certain work to control the engine via work 
output or IMEP [9, 14]. In previous work, φ  is used as 
the main input to control IMEP in an HCCI engine. 
Since phi is a qualitative parameter then in order to 
control IMEP some quantitative parameters such as air 
and fuel mass flow rate should be considered. In a four 
stroke engine power could be presented as [15]: 

2
)AF(QVN)(

P HVdavf ρηη
=  (1) 

The above equation contains influential parameters on 
engine power output. For a specific engine under 
specified operating conditions of fη , vη  and aρ  are 
constant. But, dVN , HVQ  and AF  represent the Air 
Flow Rate (AFR), Fuel Flow Rate (FFR) and 
equivalence ratio, respectively. It is obvious that the 
AFR and FFR are more effective than equivalence ratio. 
On the other hand, in conventional engines in order to 
control the engine power, Initially in CI engine fuel rate 
and in SI engine AFR are changed. But, in order to 
control HCCI engine output power more consistently, 
FFR and AFR should be adjusted at the same time as 
the inputs. In HCCI engine, control of combustion 
phasing is much more challenging. When there is a 
demand to change IMEP, to control combustion timing 
an appropriate phi as second input is selected from 
CA50-phi map after that phi is adjusted according to the 
desired combustion timing.  

The CA50 is controlled in a HCCI engine for any 
required output work. In fact HCCI engine control 
system should be conducted through a load-speed map. 
In a conventional engine, the throttle and fuel rate are 
two variables that are changed according to desired 
power or torque demand. In this study for HCCI engine, 
optimal IMEP is considered the main parameter to be 
controlled by a proper CA50.  

 
 

2. CONTROL MODEL DESIGN 
 

A control model is developed to predict cycle-to-cycle 
variation of IMEP and CA50 in an HCCI engine. In 
order to simulate the behavior of HCCI engine cycles a 
physics-based Control Oriented Model (COM) is 
developed. Also, a single zone thermodynamic model is 
developed to determine thermodynamic constants and 
predict parameters such as: SOC and IMEP. 
 

2. 1. Single Zone Thermodynamic Model   
Investigations [16-18] show that single zone 
thermodynamic model is fully capable of predicting the 
effects of combustion parameters to study HCCI engine 
behavior. In present work, a single zone thermodynamic 
model has been developed to determine the 
thermodynamic constant parameters in various 
processes of the engine cycle. By means of the model, 
the effects of some parameters such as inlet temperature 
and pressure, equivalence ratio, ON and engine speed 
on SOC and IMEP have been investigated. This model 
has been coupled to a full kinetic mechanism of PRFs1. 
In order to use the full kinetic mechanism of PRFs an 
open source module known as CANTERA has been 
coupled to the model. The chemical kinetics mechanism 
with 7558 reactions and 1034 species has been used to 
simulate the combustion process. Considering the 
arbitrary elementary reaction stated as follows: 

∑∑
==

υ′′⇔υ′
N

1i
jj,i

N

1i
jj,i MM  j=1, 2, …, RN  (2) 

Where jM  is the specie of thj  reaction, j,iυ′  and j,iυ′′  

are the stoichiometric coefficient of thi  specie on the 

product and reactant side of the thj  chemical reaction, 
respectively. The rate of change of each chemical 
species is described with an ordinary differential 
equation of the form: 

( )j,ij,i
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where j,fk  and j,bk  are forward and reversed 
thj  

reaction rate, respectively. The model is validated with a 
large number of experimental data taken from Ricardo 
engine with specifications listed in Table 1. 

For validation purposes in Figure 1 a sample 
pressure history derived from developed model is 
compared with test results extracted from reference 
[16]. The simulated and test data are in good agreement. 
Higher peak pressure than that of experimental data is 
due to the single zone model assumptions [5]. 
Experimental results and sensitivity analyses show that 
φ , ON and ivcT  are dominant parameters affecting the 
HCCI combustion phasing [6, 16]. In present study 
effects of engine speed, φ , ON, ivcT  and also engine 
speed has been investigated and it shows that the single 
zone model is capable of accurately predicting SOC in 
HCCI engine. 

                                                        
1 www.pls.llnl.gov/data/docs/ science_and_technology /chemistry/ 
combustion / prf_2d_mech.txt 

http://www.pls.llnl.gov/data/docs/
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Figure 2 shows a sample of variations of SOC versus 
engine speed for different charge temperatures. Results 
highlights that the SOC is drastically affected by engine 
speed. 

 
 

TABLE 1. Single cylinder Ricardo engine specifications 

Value Parameter 

80 mm Bore 
88.90 mm Stroke 

10:1 Compression ratio 
0.447 Lit Displacement volume 

4 Number of valves 
-175/+55  IVO, IVC [aBDC] 
-70/-175  EVO, EVC [aBDC] 

 
 

TABLE 2. Values of the COM’s constant parameters 
Value Parameter 

0.783 kgKkJ  nc,vC  

0.814 kgKkJ  rg,vC  

0.289 kgKkJ  evcR  

1.357 [-] ck  

1.265 [-] ek  

 
 

  
Figure 1. Comparison of simulated and experimental 
pressure measured in operating conditions ivcP =105kPa, iT

=79 °C , EGR=6%, φ =0.67, N=800rpm and PRF=10. 
 
 

  
Figure 2. Variations of SOC versus engine speed for 4 inlet 
charge temperatures ( oC1050T = ) 

  
Figure 3. Variations of IMEP versus engine speed for 4 inlet 
equivalence ratio 
 
 

 
Figure 4. Validations of correlation 3 for a step change in φ  
and ON ( manP = 110 kPa, manT = 91 °C, EGR= 0%, exhP = 
99 kPa , N= 815 rpm, Cycle No=445) 

 
 

A correlation for predicting socθ  is obtained through 
the simulation data and the Modified Knock Integral 
Method (MKIM) integral can be replaced by the 
mentioned correlation. 

3.17ON06.0
)T(

N23.0 3.1
1.043.0

ivc
soc −×+

φ×

×
=θ  

(5) 

The engine power output can be represented by IMEP 
and depends on both AFR and FFR. The thermo-kinetic 
model is used to determine the relationship between 
IMEP and dominant parameters that affect it 
considerably. A correlation between IMEP and relevant 
effective parameters are derived using a single-zone 
thermodynamic model for a complete HCCI engine 
cycle. 

Figure 3 shows a sample of variations of IMEP with 
engine speed. According to this figure engine speed has 
less effect on IMEP but φ  fluctuation would affect it 
considerably. This procedure has been done to 
investigate the effects of other dominant parameters on 
IMEP. Correlation (6) predicts IMEP of Ricardo engine 
for specified operation conditions. 

)43.63.28T.132.0()FR(IMEP man
9.0 +Φ−Φ=  (6) 

In derived correlation the effects of FFR, φ  and 
CA50 has been considered. Using FFR and phi at the 
same time, AFR effect on IMEP is considered as well. 
The above correlation can predict the IMEP of a HCCI 
engine with high accuracy.  
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Correlation 6 is validated against the experimental 
data collected from the Ricardo engine for both steady 
state and transient operating conditions [19]. 

Figure 4 shows comparison of the predicted and 
experimental IMEP for step changes in the φ  and ON 
in transient operating conditions. As mentioned before, 
present model is able to calculate the thermodynamic 
constant parameters such as gas constant, specific heat 
capacity and specific heat capacity ratio. They are 
calculated for the processes of COM cycle. Values of 
constant parameters are shown in Table 2. 
 
 

specified in Table 1, a simple open cycle simulation is 
carried out using physics based relations and governing 
equations for various processes from Intake Valve 
Closing (IVC) to Exhaust Valve Opening (EVO). 
 

• Equivalence ratio (phi) and fuel flow rate (FR).  
The system outputs are;  

• IMEP and CA50.  
The following physical state variables are considered 
for HCCI engine modeling through a complete cycle: 

• CA50 
• Temperature at SOC 
• Pressure at SOC 
• Temperature of the residual gases at EVC 
• IMEP 

Since the residual gasses for engine cylinder within a 
cycle are mixed with the fresh charge of the next cycle 
and this would affect temperature at the IVC, then 
would influence combustion phasing together with 
IMEP of the next engine cycle.  
 
2. 2. 2. Thermodynamic States of Cycle Processes 

-  Intake stroke thermodynamic states 

Intake charge specification would directly affect the 
combustion timing so any physical-based model should 
contain all influential parameters. Temperature and 
pressure of the mixture could be derived using 
following empirical correlations [11]. 

kmanC
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C
k

C
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Also, the temperature increases due to trapped residual 
gas mixing with fresh charge; 

k,rT
t,vC

rg,vC
kRGF1k,ivcT

t,vC
nc,vC

)kRGF1(1k,mixT ++−=+  (9) 

- Prediction of combustion phasing 

As mentioned before, the MKIM integral can be 
replaced by correlation (5) then, socθ  of present cycle is 
calculated by dominant parameters of previous cycle. 

3C3.1
kON2C

)1.0
k

43.01k,ivcT(
kN1C

1k,soc +×+
×+

×
=+

φ
θ  

(10) 

The CA50 could be calculated by; 

1,1,1 5.050 +++ ∆+= kcombksockCA θθ  (11) 

- Thermodynamic State of SOC 

At the start of combustion there are no changes in 
chemical composition of the mixture, so compression 
stroke is assumed to be isentropic process [15]. 
Therefore, temperature and pressure of the mixture is 
predicted by a polytropic relation .constPV ck =  where, 

ck  is the specific heat capacity ratio. 

1k)1k,socVivcV(1k,mixT1k,socT C −
++=+  (12) 

Ck)1k,socVivcV(1k,mixP1k,socP ++=+  (13) 

where ivcV  and socV  are in cylinder volumes at ivcθ  and 

socθ  respectively, which is determined easily by a slider 
crank mechanism [15]. 

- Thermodynamic State of EOC 

In cylinder gas temperature during combustion process 
is [14]: 

combksockeoc TTT ∆+= ++ 1,1,  (14) 

vkstk

fuel
comb CAFRRGF

CoCLHV
T

)/()1( φ+

×
=∆  (15) 

where stAFR  and CoC  are the stoichiometric air-fuel 
ratio and the average completeness of combustion 
respectively, and fuelLHV  is the lower heating value of 
PRFs. Pressure at the end of combustion using ideal gas 
law: 


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1k,soc1k,eoc T

T
V
V
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- Expansion Stroke 

The expansion of burned mixture is assumed adiabatic 
isentropic processes where ekn = related to specific 
heat capacity is: 

2. 2. 1. Assumptions           The system inputs are:  

2. 2. HCCI Model      For a single cylinder Ricardo engine 
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- Exhaust Stroke 

Isentropic relation determines the residual gas 
temperature at EVO: 

11,
1,1, )( −+

++ = ke

evc

kevo
kevokr V

V
TT  (19) 

- Prediction of IMEP 

Similar to Equation (3), IMEP of present cycle is 
calculated by relevant parameters of the previous cycle. 

)CCTC(FRIMEP 3k21k,ivck1
C

k1k 4 ++= ++ φφ  (20) 

 
2. 3. Model of COM       The equations governing the 
physical processes in this model for any cycle contain 
the state variables and outputs, which are obtained as a 
functions of model states (X) and input (u) of the 
previous cycle. 

(21)  ),( ,11 kikk uXfX ++ =  

(22)  2,1),,( , == iuXgy kikk  

 

2. 4. Validation of COM     Performance of the COM is 
validated by transient experimental data extracted using 
single cylinder Ricardo engine test results [19]. The 
comparison for two step changes in φ  and ON are 
presented. Figures 5 and 6 indicate a comparison of 
developed model for IMEP, CA50 and test data for 445 
cycles. 
 
 
3. CONTROLLER DESIGN 
 
In the present model, open and closed loop control 
models are presented. In open loop model single 
parameter of IMEP is controlled, but in closed loop 
model both IMEP and CA50 are controlled.  
 
3. 1. Open Loop Control Model      In an open loop 
model, IMEP is controlled by adjusting fuel rate 
whereas phi is kept constant by adjusting the AFR as 
shown in Figure 7-a. In this model, more fuel is injected 
to cylinder according to a base IMEP as initial input. 

To avoid changing the equivalence ratio, the AFR is 
adjusted by a controller. In open loop model 
equivalence ratio is kept constant to maintain CA50 
within operating range. This controller includes two 
integral feed-forward controllers for IMEP and AFR 
control. 
 
 

 
 

 
 

 
 

 
Figure 5. Cycle-to-cycle experimental validation of COM for 
a step change in φ  and ON, kPa110manP = , C91manT o= , 
EGR=0%, kPa99exhP = , N=815 rpm. 
 
 

 
 

 
 

 
 

 
 

Figure 6. Cycle-to-cycle experimental validation of COM for 
a step change in φ , kPaPman 100= , CTman

o67= , EGR=0%, 
kPaPexh 3.97= , N=815rpm, ON=0.  
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Figure 7(a). Layout of an open loop controller 
 
 

 
Figure 7(b). Layout of a closed loop controller 

 
 

  
Figure 8. Fitness versus generation number 

 
 

TABLE 3. The parameters of GA 
Value Parameter 

50 Number of generations 
Roulette Wheel Selection Method 

0.02 Elitism rate 
Arithmetic Crossover type 

0.8 Crossover rate 
0.05  Mutation rate 

 
 
3. 2. Closed Loop Control Model    In open loop 
control model all settings are based on an equivalence 
ratio, then the combustion phasing cannot be controlled. 
In order to control the CA50 according to engine 
operating range an appropriate phi is selected from a 
CA50-Phi map. The mentioned map should be 
determined based on other effective parameters such as 
engine speed, intake manifold temperature and pressure. 
For any operating point the CA50 is constant then the 
controller keep phi as constant. When some parameters 
change for any reason (for instance IMEP demand or 
disturbances), CA50 for a new operating point varies as 

well. CA50-Phi map forces the controller to choose 
proper phi for new operating point and then CA50 error 
is minimized by a Proportional Integral Derivative 
(PID) controller that changes by any variation. Figure 7-
b shows a closed loop control model that controls IMEP 
and CA50 at the same time. 
 
3. 3. Tuning PID controller using GA        PID 
controllers are employed in so many industrial 
automations due to their simplicity, low cost, ease of 
design and inexpensive maintenance. In this work the 
PID controller parameters are optimized by Genetic 
Algorithm (GA). GA are techniques that generate 
solutions to optimize problems inspired by natural 
evolution such as inheritance, mutation, selection, and 
crossover [20]. In this study Matlab Genetic Algorithm 
Toolbox is used to optimize PID controller parameters. 
The parameters of GA are shown in Table 3. 

The Integral of Absolute Magnitude of the Error 
(IAE) is chosen as objective function to evaluate fitness 
of chromosomes: 

∫=
2

1

dt)t(eIAE

τ

τ

 (23) 

where )t(e  is the error signal in time domain. 
Figure 8 shows the fitness variation with generation 
number. It should be noted that generation numbers 1 to 
3 are too large to show in the figure; hence, the 
generation numbers 3 to 50 have been shown. 
According to this figure, variation from the 25th 
generation to the next is small. This behavior occurs in 
deferent generation numbers for different PIDs. This 
procedure has been done to determine parameters of all 
PIDs in the controller. 
 
 
4. RESULTS 
 
In this section, performance of both open and closed 
loop controllers are studied. Then, the disturbance 
rejection properties of the controllers are evaluated for 
step changes in some engine parameters such as intake 
temperature and engine speed. The model can control 
the desired work output by considering constraints on 
air fuel ratio, phi, ensuring that the system stays away 
from very lean or rich regions to ensure combustion 
stability. The desired IMEP can be determined by 
operator then the controller changes the fuel rate so phi 
varies. In order to control the phi, throttle or air boost 
pressure controller is used to change the AFR. 

 
4. 1. Tracking Performance    Tracking performances 
of two controllers (open loop and closed loop) are 
investigated for a positive and negative step changes to 
meet a desired outputs. 
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Figure 9. Tracking performance of IMEP controller for 
constant phi=0.45 (open loop) 
 
 

 
Figure 10. Single tracking performance of IMEP and CA50 
controller (closed loop) 
 
 

  
Figure 11. Simultaneous tracking performance of IMEP and 
CA50 controller (closed loop)  

 
 
 

4. 1. 1. Open Loop Controller    Tracking 
performances of open loop controllers are investigated 

for positive and negative step changes to meet a desired 
IMEP.  

Figure 9 shows the tracking performance results for 
desired IMEP. CA50 is not controlled and is just the 
second output of the open loop controller. Results 
shows that the controller can increase IMEP about 40% 
in positive step change and can decrease it about 20% in 
negative step change. Maximum variation of CA50 is 
less than 4%. In fact, CA50 has a small variation around 
its operating point because phi is kept constant by 
adjusting air flow controller. 
 
4. 1. 2. Closed Loop Controller  The tracking result 
when either IMEP or CA50 set-points is changed in a 
closed loop controller are shown in Figure 10.  

The first simulation period within 1 to 50 cycles 
positive and negative step changes for a desired IMEP 
evaluate the tracking performance of the IMEP 
controller. As mentioned before equivalence ratio is 
kept constant by phi sub-controller then the CA50 
variation depends only on IMEP which has less effect 
on CA50 than phi. In an earlier study phi is used as the 
main input to control IMEP of the engine [14]. It is 
obvious that phi variation has disturbance effects on 
CA50 control and its sub-controller should reject it. In 
the present work for constant desired CA50, phi remains 
constant then no overshoot is observed in CA50 control 
in IMEP variation mode. In the second simulation 
period for 51 to 100 cycles within positive and negative 
step changes of desired CA50, evaluation of tracking 
performance for CA50 controller is carried out. In the 
CA50 variation mode no overshoot is observed since 
appropriate phi for CA50 is wisely selected from CA50-
phi map. 

Results show that the controller can increase IMEP 
about 40% in positive and can decrease it around 20% 
in negative step change. Also, CA50 can be increased 
100% in positive and negative step change.  

In Figure 10 for the closed loop controller there is no 
steady state error in step change in IMEP and CA50. 
This behavior is due a PID controller that minimizes the 
CA50 error after selecting by a phi-CA50 map. 

Figure 11 shows the behavior of controller for 
simultaneous step changes in the desired IMEP and 
CA50. In fact, this scenario is the best way to evaluate 
the performance of the controller. For this condition 
desired IMEP and CA50 increase simultaneously 40% 
and 100% respectively. Results show that the overshoot 
for IMEP controller increases in simultaneous step 
changes is about 12% and is rejected in 3 engine cycles. 

The IMEP overshoot is related to the CA50 
variations. When CA50 varies in a desired step change 
its controller select a proper phi to regulate CA50. Phi 
variations affect on FFR and AFR at the same time. It is 
obvious that simultaneous changes in phi, FFR and AFR 
affect the IMEP. On the other hand, no overshoot is 
observed for CA50 controller despite step changes of 
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IMEP because controller immediately selects an 
appropriate phi from CA50-phi map. 

Table 4 shows performance analysis for tracking and 
regulation of the IMEP and CA50 controllers. 
According to Figure 11, no overshoot and steady state 
error has been observed in control of CA50. Results 
show that present controller is capable of tracking both 
IMEP and CA50 within 4 engine cycles. Controller 
behavior under these conditions reveals that the engine 
IMEP can be controlled for any variation of CA50. 

 
4. 2. Disturbance Rejection Performance     
Variations in engine speed and intake temperature as 
disturbances are used to investigate the performance of 
closed loop controller. The constant optimum set point 
has been selected by using the experimental data [4]. 
Figures 12 and 13 show the performance of positive and 
negative step disturbances rejection of the controller. 
 
 
 
TABLE 4. Tracking performance analysis for IMEP and 
CA50 controller  

IMEP Sub-
controller 

CA50 Sub-
controller Performance 

1 cycle 1 cycle Rise Time 

0.46 bar 0 Max. Overshoot 

0 bar 0 CAD Steady State Error 

4 cycle 2 cycle Cycles for 
Regulation 

 
 

 
 

Figure 12. Disturbance rejection for intake temperature step 
changes (85 - 70 - 100 C)  

 
Figure 13. Disturbance rejection: engine speed step changes 
(820 –920 -720 rpm) 
 
 
TABLE 5. Performance of disturbance rejection of IMEP and 
CA50 controller 

Rejection speed 
[cycle] 

Max. absolute 
deviation 

Control 
output Disturbance 

2 0.15 IMEP[bar] 

manT  
3 1.15 CA50 

[aTDC] 

2 0.5 IMEP[bar] 
Speed 

3 1.1 CA50 
[aTDC] 

 
 

Figures 12 and 13 show that for engine speed step 
change fuel rate remains constant but for intake 
temperature variations fuel rate decreases. Because of 
IMEP depends on both fuel rate and intake temperature; 
therefore, engine speed has no effect on IMEP. On the 
other hand, engine speed affects CA50 much more than 
intake temperature. Figures 12 and 13 explain how 
Controller compensates the effect of two mentioned 
disturbances by means of phi variations. When intake 
charge temperature decreases CA50 retards to 
compensate a fixed level, phi should be increases. Also, 
CA50 retards when engine speed increases consequently 
phi increase to overcome the engine speed effect. 

Table 5 shows maximum deviations from set value 
and number of engine cycles needed to minimize the 
output. According to two disturbance conditions tested 
in Figures 12 and 13, the present model-based controller 
can stabilize the output within 2-3 engine cycles. 
Maximum deviation is about 0.5 and 1.15 for IMEP and 
CA50, respectively. 
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5. CONCLUSION 
 

In present work a single zone thermodynamic model 
and a COM was developed to predict the performance 
of cycle-to-cycle in an HCCI engine. The COM is setup 
with some correlations such as IMEP and SOC 
prediction which models the physical behavior of a 
HCCI engine. These correlations are obtained by engine 
test data or HCCI thermodynamic model. It can be 
claimed that present method is suitable for control 
HCCI engine. The mentioned model was validated with 
the HCCI test data at steady state and transient 
operating conditions. An IMEP predicting model has 
been presented and validated by test data. According to 
this model IMEP strongly depends on FFR. FFR is the 
main parameter to control the engine work output. In 
present control model FFR and AFR vary 
simultaneously to increase IMEP like a fuel injection 
system in conventional CI engine. FFR and AFR change 
such that the phi remains constant. The COM uses three 
controllers FFR, AFR and CA50 controller to control 
IMEP and CA50 as outputs. Two main inputs are FFR 
and phi and AFR is the third input that control IMEP 
and phi at the same time. In order to precisely control 
CA50, appropriate phi is selected from a CA50-Phi map 
which is developed for a set of different engine 
operating conditions. Results show that the controller 
can track desired cycle-to-cycle IMEP and CA50. The 
mentioned controller is a model-based engine controller 
with a feed-forward integral controller. No overshoot 
was observed in mode control of CA50 and IMEP 
variations. Performance of the controller was also 
evaluated under physical disturbances such as engine 
speed and intake manifold temperature step changes. 
The results show that the controller can reject these 
disturbances in 2 to 3 engine cycles, while maintaining 
deviations within 1.15 CAD and 0.5 bar. 
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  چکیده
  

 
 فشار متوسط موثرو ) CA50(بندي احتراق  زمان زمانهاي عمده در توسعه موتورهاي اشتعال تراکمی کنترل هم یکی از چالش

متر براي شرایط کارکردي ادر کار حاضر راهبرد جدیدي در کنترل این دو پار. باشد مییا توان موتور ) IMEP(اندیکاتوري 
براي  PRFاي با مکانیزم مفصل شیمیایی سوخت  ناحیه در آغاز یک مدل ترموسینتیک تک. تلف موتور ارایه شده استمخ
پس از آن یک مدل کنترلی براي . و پارامترهاي ویژه ترمودینامیکی توسعه داده شده است IMEPبینی زمان آغاز احتراق،  پیش
هاي آزمون موتور ریکاردو در شرایط گذرا  مدل کنترلی با داده. شده استدر هر سیکل موتور ارایه  IMEPو  CA50بینی  پیش
در این کار دو کنترلر . را دارد طراحی شده است IMEPو  CA50در نهایت هم یک کنترلر که قابلیت کنترل  وگذاري  صحه

کرد آن و توانایی در حذف ارزیابی عمل برايکارایی کنترلر با کمک یک مدل فیزیکی . شود مدارباز و مداربسته ارایه می
و همچنین  IMEPو  CA50کنترلر طراحی شده قابلیت کنترل دو پارامتر که دهند  نتایج نشان می. اغتشاشات بررسی شده است

  .حذف اغتشاشات ناشی از تغییر در دور موتور و دماي وررودي را دارد
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